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This progress report describes the initial favorable results of what _probably E}
will become a viable method for the deposition-of cubic-BN on silicon
substrate. During this study, -energy fluence of laser beam and the target
material (type, form, purity etc) were identified to be the two most critical
parameters. In the past month, we have attempted two procedures to synthesize
cubic BN: dual-beam laser ablation of a high purity, sintered hexagonal BN (HBC
grade from Union Carbidé), and.single-beam laser ablation of a high purity, CVD
grown pyrolytic ‘BN. ‘Raman and IR spectroscopy as well as X ray diffraction
analysis of films indicated some evidence of cubic BN. Additional work is to
be done in order -to optimize the procedure such that only cubic form-of BN will

; ‘be grown.
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-SBIR Phase I Research Progress Report # 3
Introduction

In progress reports # 1 and' $ 2, the results of an excimer (248 -nm, KrF) laser
ablation of sintered, high purity hexagonal BN (HBC grade  from Union Carbide)
were presented. The films. obtained on Si <100> were mostly amorphous with no
evidence of cubic form of BN. In addition, a large number of micron-sized
particles and loosely adherent films were: observed. Experiments as a function
of energy fluence chowed high growth rates and increased. particulate density
with increasing energy fluence.

We believe that the inability to obtain cubic BN and to minimize- particulates
is due to two factors: the characteristics of target and the pulse -energy
fluence. Although purity was satisfactory, the HBC grade target was flaky in
nature and had a strong tendency to disintegrate into particles due to ‘thermal
stresses -caused by the laser beam: In laser ablation, an important requirement
is the production-of energetic ionized and excited species (10-100 eV) with
high velocities (106—107‘¢m/sec)»and thereby promote film crystallinity and
dense packing. In order to achieve these conditions, dense and pure target,
and high pulse energy fluence are essential.

During this report .period; we have ordered and received an improved target
namely pyrolytic BN (pBN) from Union -Carbide Advanced Ceramics section. It
took four weeks to receive this target. While waiting for pBN target, we have
attempted a dual-beam approach namely simultaneous ablation of HBC grade target
with excimer and Nd:YAG laser beams. The objective was to increase the
velocity and energy of ablated species needed to create cubic BN. The
rationale for the dual-beam approach is based upon Mineta et al’s work (1] who
used a hybrid technique combining a continuous wave, high power o, laser and
an ion beam technique to produce cBN films. Essentially, the—CQz laser was
-used to evaporate the target while the the ion sourcé caused the ionization of
nitrogen which subsequently imparted high energy to the film causing the
conversion from hexagonal to cubic.

In addition to dual-beam method, preliminary experiments with single beam,
excimer laser ablation of pBN were performed.




ssperiments andiResulgs

1. Dual-Beam Ablation of HBC Grade: Target

The experimental arrangement for the dual-beam pulsed ablation technique is
illustrated in Figure 1. A photograph of the experimental setup is also shown
in Figure 2. This is similar to tiio single-beam ablation of the target
described in progress report # 1. A six-way vacuum chamber with proGisions:for
substrate preheating, mounting of the target and-windows. for the laser beams
was used. The vacuum chamber was evacuated < 10;7 torr using mechanical and
-diffusion pumps. The substrate was Si<100>, etched thoroughly in 49% HF acid
for 10 minutes. and then preheated to Sodgg, The ‘target was mounted -at about 20
mm from the substrate ‘and was rotated at 50 rpm using an external magentic
device-motor arrangement.

A pulsed excimer laser and a pulsed Nd:YAG laser, the specifications of which
are given in Table 1, were used. First, the Nd:YAG beam was impinged on the
target leading. to melting or evaporation of the target. Once the target was in
molten or evaporation state, a pulsed excimer beam was used to: irradiate the
target. causing ablation. The consecutive interactions of Nd:YAG and excimer
lasers- on BN target is expected to-aid in reducing theparticles as well as
increasing the kinetic energies of species as they arrive at the substrate

surface.
Table 1. Laser Specifications

Laser. type Excimer Nd:YAG
Wavelength, nm 248 1064
Pulse energy, J max. 0.4 1
Pulse width, nsec 10-20 150,000
Repetition rate, Hz 1-100 1-20
Energy fluence, J/bmz 3-5 1-10

After deposition, the substrate was allowed to :cool to ambient temperature.
Film quality was studied using X ray diffraction, Raman and IR spectroscopy.

-
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The laser parameters with the dual beam method are given below. | NTIS CRA&I 81
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Nd:YAG Pulse energy, J 3 0.65 Didk. ibution] .
Pulse rate, Hz 1 10 Availability Codes
o Avail aqdlof
Excimer Pulse energy, J 0.4 0.4 Dist Special
Pulse rate, Hz 1 10 /Q ,.
Deposition time, min. 45 20 -

Visual examination and SEM analysis (along with wavelength X-ray dispersive
spectrometry): of films on samples 12 and 14 indicated the presence of thin
films of BN, the thickness being larger in sample 14 as compared to -sample 12.
Further, the £film in sample 12 contained few particles as compared to sample
14, Figure 3 shows the .presence of micron-sized particles in sample 14.
Particulate density is attributed to higher energy density and the sintered HBN
target. X-ray diffraction data using copper K alpha radiation (wavelength =
1.5418 B). of samples 12 and 14 are given in Figures 4 and 5. It can be seen
that sample 14 exhibited -a strong peak corresponding to cubic BN <111> plane
vhile sample 12 did not show CBN peak.. This may be due to the thinness of film
in sample 12. There are also additional peaks in X ray patterns which were
identified to be boron. Several peaks around 50° to 60° are difficult to be
identified inspite of a.computer search with compounds of B, N, Si and 0,. It
should be added that the sharpness of peak for CBN indicates a high degree of
crystallinity. MicroRaman spectroscopy of sample 14 revealed the presence of
CBN (Figure 6). However, IR spectroscopy did not clearly provide sp3 bonding
characteristic of CBN and may be explained to be due to the nitrogen deficiency
in BN (Figures 7 and 8).

It should be emphasized that single-beam excimer ablation of HBN target
(Reports 1 anc¢ 2), in contrast to dual-beam ablation, did not yield any
indication of the formation of CBN. There is a significant potential in dual
beam approach with pBN target.




2. Single-Beam Excimer Ablation of pBN Target

Since purity, density and-crystalline form of BN target material play vital
roles in determining the film formation, the pyrolytic BN as a target .source
was attempted. pBN is ai extremely pure material with a laminar type of
structure. pBN is produced by a patented chemical vapor deposition process on a
high purity graphite rod, pBN has improved density, thermal shock resistance,
oxidation resistance, outgassing, and porosity over the HBC grade (see the
manufacturer’s specifications for pBN in Appendix). In this work, we have used
pBN target (0.8 mm tRickdess on a 12 mm diameter graphite rod) for single-beam
excimer ablation.

Since the target was received a week before this report’s due date, we have
conducted only one experiment but repeated several times (samples 16 through
19).. The experimental conditions- were: pulse energy = 270 mJ, pulse rate = 10
‘Hz, Other parameters remained same -as-described before. Visual and SEM
examination .of samples indicated strongly adherent films with very few
particulates. especially when compared with the films deposited from the HBC
grade. An SEM micrograph of film is shown in Figure ‘5.

The analysis of these films were limited to only IR spectroscopy. X ray and
Raman- analysis will be done later. IR spectrums do show some evidence of sp3
bonding at 1090'cm"1 characteristic of CBN (Figures 10 and 11).
Discussion

The unique features of pulsed laser ablation are: generation of high energy
particles from the coupling of large optical field with soild targets. For a
248 nm excimer laser, neutral atoms, ions and molecules in the energy range 2
eV to 850 eV can be generated at pulse laser energy fluences of upto 10 J/bmz
{2]. The energy distribution of these particles largely depend upon both on
the absorption charcteristics of the target and the plasma produced. We shall
discuss the implications of dual-beam laser technique.




For -a- solid ‘BN-target, the threshold value for a 248 nm KrF excimer laser is
expe:imentéfiﬁﬁdeterminéd to be '0.31 to 0.34 J/bm? [(3]. The laser fluence
using:-our excimer laser and a 100 mm focal length lens can be as high as 5
J/bm?. Thus—ablative~phbtodecomposition4can easily occur even in solid BN and
the ablated material is removed layer by layer on a pulse per pulse basis. But
by prior melting or evaporating: the BN target with the YAG beam; the ablation
rate by the excimer beam and the energies of ablated species can be
substantially increased because of the increased free carrier concentration.
Liquid or gaseous sources have enhanced absorption. due to radiation trapping
and develop high temperatures due to low thermal conductivity. Excimer laser
ablation immediatélyAfollowing~the YAG beam melting will result -in high
absorption by the target which in turn tends to produce large number of ions in
preference to neutrals. In addition, the velocity of the ablation front (V)
given by the expression, v = I/p Hy where I = absorbed laser jjower density, p =
density, He = heat of sublimation, will be considerably higher resulting in
congruent ablation. High energy species can break atomic bonds, .cause thermal
spikes, generate—subsugface vacancies, enhance adsorbed atom mobility; and
generate nucleation centers which are similar to ion beam deposition [4].

In pulsed laser ablation, the most significant problem is -the deposition cf
particles of the order of 0.1 to 10 microns size. The particles -are basicgl;y
solidfied droplets and granular materials due to the fracture of target.

Energy fluence and physical properties of the target largely determine the
particulate formation: In thé work, the use of dual-beam should reduce the
particles. For example, the use of liquid germahium as a target resulted in
virtual elimination of particulates [4]. In addition, the dual beams heating
of the target will produce colliding vapor plumes that will generate high
pressure sufficient to break the particles. Although we have nct observed any
drastic reduction in particulate density in dual-beam apprcach, we believe that
the HBC grade source was the major cause of particles. The use of pBN largely
reduced the presence of particulates and substartially improved the adherence
over the HBC grade. In addition, there is some evidence of CBN when pBN target

was used even with a single-beam.




-Summary -and Future Work

i@éawo;klpérforméﬁéso—far‘indicagéslsome positive signs of CBN- synthesis with
laser ablétion teéhnique;‘-ConEinﬁed experiments are necessary to confirm: the
Qteéence:bi"CBN..A:cgitiéar factor is the-type of target that determines the
‘growth and: characteristics: ((adherence, particles etc) of CBN. Initial
exggrimentsrshowe@‘that,péN source is superior than HBC grade. We shall

" continue- to experiment with pBN target both in single and dual beam modes.

We:-also attempt to use CBN target which may even be superior than pBN. -For
ébtéiniﬁgrcéN target, we have -contacted GE Superabrasives Division and found
the availability of a high purityicgN insert (experimental grade BZN 6000).
Futute work will involve pBN and CBN- targets.
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High Purity HBN'Rod
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Figure l. Schematic of Dual-Beam Ablation Method




Figure 2.

A photograph of dual-beam experiment

A Excimer Laser
B -Nd:YAG Laser

C Vacuum- Chamber
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Figure 3. SEM micrograph of sample # 14 showing large number
of particles
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’ " Figure 9. SEM micrograph of sample # 16 showing few particles .- ;
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PROPERTIES OF PYROLYTIC

TYPICAL PROPERTIES

20

BORON NITRIDE (DATA FROM UNION CARBIDE}

Typical Spectroscopic Analysis
of “BORALLOY™
Pyrolytic Boron Nitride

High = > 10%

ND = Not Detected

Element | Results || Element | Results
Ag ND Mo ND
Al ND Na ND
As ND Nb ND
Au ND Nd ND
B H Ni ND
Ba ND Os ND
Be ND Pb ND
Bi ND Pd ND
Ca VVFT Pr ND
Cd ND Pt ND
Ce ND Rb ND
Co ND Re ND
Cr ND Rh ND
Cs ND Ru ND
Cu VVFT Sb ND
Dy ND Si VVFT
Er ND Sm ND
Eu ND Sn ND
Fe ND Sr ND

"Ga ND Ta ND
Gd ND Tb ND
Ge | ND Te ND
Hf ND Th ND
Hg ND Ti ND
Ho ND Ti ND
In ND Tm ND
Ir ND U ND
K ND Vv ND
La ND W ND
Li ND Y ND
Lu ND Yb ND
Mg ND Zn ND
Mn ND Zr ND

Rey: Nery Very Fine Trice = <O.0001%

" SO
Ph 350l ! and Mechanical
;’ropem‘y Unit Value
Apparer.i Density glec 2.15
Gas Per. aeability (Helium) cmi/sec 2 x 10"
Tensile - .ngth
“at ek e onat RT MPa (Psi) 41 (6.000)
*a” ¢rrection at 2200°C MPa (Psi) 103 {15.000)
Compres sive Strength
*a” direction at RT MPa (Psi) 234 (34.000)
rorsional Saear Strength
RT MPa (Psi) 10 (1,500)
1500°C MPa (Psi) 14 (2.,000)
Flexural Strength
“2" directuon at RT MPa (Psi) 83 (12.000)
Young's Modtlus
*a" direction at RT GPa (Psi) 223 x 10
Poisson’s Ratio
*a” direction at RT 0.25

Thermal
Properiy Unit Value
Conductivity
"a" direction at RT 0.15
“a” direction at 800°C . 0.15
“c” direction at RT cal « cmisec « cm*+*Ch| ) 5037
‘c” direction at 800°C 0.007

Total Expansion
(Coefficient of
Thermal Expansion)
“a" direction at 260°C
"a" direction at 1100°C
“¢™ direction at 1100°C
(linear)
Specific Heat at RT
hiermal Shock Resistance
2000°C into water
Spectrai Emissivity ac
A= 0.5z
at 100n°C
at 1400°C

mm/mm e °C

[ ———————

calig-°C;

A
e

-0.0005 (~1.92 x 104
0.0017 (2.6 x 10

0.040 (36 x 10)
0.24

No Damage
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Elecmcal
Property Unit Value
Resistivity
“2"-cirecsion ac 1100°C 3 x 10
2" direction at 1860°C 1 ohsicm 6 x 10 -
c clizection at 1000°C N i 3 x 10
“c” direction at 1500°C 3 x 10
D'elcctnc Strength atRT
" direction) d.c.Voltisimm | 2 x 10°
Loss Tangent ané
“a".direction (100 Hz o
1000 G Hz)atRT 1.5 x 10
. ‘dxrecnonathoo °C 3.0:x 10
. “¢” directionat RT <1.0 x 10
Abggli;ctrig: Constant at 4 G Hz
*al"direction at RT 512
" “a"direction at 1400°C 5.24 ~
3.4

du'ectxon at R’I‘

N

-

- o - 7 -

Chemzcal
Property Unit - VYalue

Toxxcxtv R Non Toxic -
Toml Impurities. ppm <100
Total Metallic Irs: »urities ppm <10
Qxidation Rate, :

standard air at:

750°C { | Negligible

1400°C | mg/em/miny 0.2

2000°C : 1 11.0
Outgissing

at 1500°C. Negligible

Y




